Purpose. To highlight difficulties in the diagnostic process and the validity of imaging techniques for sacral insufficiency fractures. Methods. Records of 25 women aged 68 to 95 years with sacral insufficiency fractures were reviewed. Baseline blood biochemistry and haematology test results were obtained. Pelvic anterior/posterior radiography was undertaken for all patients; additional computed tomography, technetium bone scanning, and magnetic resonance imaging were used in some. Treatments were based on the severity of the injury and the patient's mobility and cooperativeness. Results. Among the 25 women, 11 had bilateral and 14 had unilateral vertical sacral fractures. Associated fractures included horizontal sacral fracture, fractures of the os pubis and ilium. Symptoms included lower back or buttock pain, abdominal pain, and those emulating radiculopathy and myelopathy, including leg weakness, sciatica, and urinary retention. The mean delay in diagnosis was 9 (range, 1-28) days. The mean recovery time between bilateral and unilateral fractures was significantly different (22 [range, 12-33] 
INTRODUCTION
Sacral insufficiency fractures were first reported in 1982. 1 Awareness of these injuries is inadequate, despite publication of several case reports since then. [1] [2] [3] [4] [5] [6] Diagnosis is often delayed or missed. Most patients are elderly and present with intractable lower back pain; some complain of leg weakness but neurological impairment is rarely detectable. 7 The patients are often misdiagnosed as having spinal stenosis, degenerative disc disease, spondylolisthesis, spondylosis, compression fractures, or neoplasms. 6, 8, 9 Degenerative changes of the lumbar spine are often considered to be the only cause of the discomfort. Routine radiography of the spine and pelvis is usually inconclusive, and blood biochemistry may reveal elevated alkaline phosphatase levels. 8, 10 Patients may present varying signs and symptoms. 2, 3, [11] [12] [13] Failure to recognise a sacral insufficiency fracture can lead to unnecessary and potentially dangerous investigations especially if occult malignancy is suspected. 3, 8 We report 25 cases of sacral insufficiency fracture without any history of trauma. Difficulties in the diagnostic process and the validity of imaging techniques are highlighted.
MATERIALS AND METHODS
Records of 25 women aged 68 to 95 (mean, 83) years with sacral insufficiency fractures presenting between November 1999 and January 2001 were reviewed. Only 4 patients initially presented to our hospital, all others were first seen at community hospitals or medical units. None had a history of trauma. Ambulance crew found 4 patients lying on the floor; all denied having fallen but claimed sudden leg weakness requiring them to sit down. 12 patients reported pain or discomfort commencing 7 to 45 (mean, 28) days before presentation.
Baseline blood biochemistry and haematology test results were obtained. Pelvic anterior/posterior radiography was undertaken for all patients; additional imaging was performed in 15 patients using computed tomography (CT), in 13 using technetium bone scanning, and in 5 using magnetic resonance imaging (MRI). Two patients also underwent needle biopsy of the sacrum. The diagnoses of sacral insufficiency fractures were based on blood analysis and pelvic imaging, and established by exclusion of vascular, neurological, intra-abdominal abnormalities.
Treatments were based on the severity of the injury and the patient's mobility and cooperativeness. In cases of unilateral sacral and pubic symphysis fractures, patients were allowed to mobilise with crutches or a Zimmer frame. In very frail patients and those with bilateral and/or horizontal fractures, a period of bed rest was prescribed to control pain and to prevent fracture displacement. 9, 12 Weight bearing was not permitted for a minimum of 3 weeks. Patients were then allowed progressive mobilisation and followed up at least twice (3 and 6 months after discharge) or more often if still symptomatic.
A combination of simple analgesia and intramuscular calcitonin (100-400 IU daily for up to 6 weeks) was used for pain control. Recovery time between bilateral and unilateral fractures was compared using the Mann-Whitney-Wilcoxon test. 14 
RESULTS
Of the 25 women, 11 had bilateral and 14 had unilateral vertical sacral fractures (Table 1 ). Associated fractures included horizontal sacral fracture (n=8, all occurring with bilateral vertical sacral fractures), fractures of the os pubis (n=14), and fracture of the ilium (n=1).
Clinical symptoms included lower back pain (n=12), lower abdominal pain (n=5), epigastric pain (n=3), loin pain (n=2), groin pain (n=6), dysuria (n=2), and urinary retention (n=1). Neurological symptoms included radiculopathy-emulating symptoms such as limitation in straight leg raising and sciatic stretch pain (n=5), myelopathy-emulating symptoms such as wide-based, staggering gate, loss of proprioception, and weakness (n=1), and generalised weakness of both legs (n=3). Objective signs of neurological deficit were present in 3 patients; 2 of whom had diminished reflexes and altered sensation and one had urinary retention.
Blood biochemistry was abnormal in 16 patients; 12 had increased serum alkaline phosphatase levels of up to 250 IU/L; 7 of the 12 also had decreased serum calcium levels, of whom 2 also had decreased total serum protein levels. Other abnormal findings included increased white blood cell count (n=3), increased C-reactive protein level (n=7), decreased serum vitamin-D level (n=3). Abnormal levels of blood/plasma glucose, sodium, potassium, urea, creatinine, and liver enzymes were related to preexisting co-morbidities and hence not reported. Haemoglobin and haematocrit levels of most patients were in the lower part of their reference range for age and sex.
Diagnoses were delayed by a mean of 9 (range, 1-28) days. In one patient the sacral fractures were missed; she was discharged but re-admitted 3 months later with a displaced iliac wing fracture resulting in a floating hemi-pelvis. Primary osteoporosis was the only cause in 20 patients, 6 of whom had received hormone replacement therapy for at least 5 years. Three patients had osteoporosis secondary to vitamin-D deficiency, hyperparathyroidism, or long-term corticosteroid treatment. One patient had received localised radiotherapy after surgical excision of a rectum carcinoma.
The mean duration of hospital stay was 10 (range, 
DISCUSSION
Stress fractures are classified into fatigue and insufficiency fractures. 15 Fatigue fractures occur when abnormal stress is applied to bone with normal elastic resistance; insufficiency fractures are caused by normal (physiological) stress applied to bone with deficient elastic resistance. 15 Sacral insufficiency fractures occur mostly in women aged >55 years, 2, 7, 8, 16 whose bone strength is inadequate to withstand normal repetitive stress. 17 Table 2 compares studies describing patients with sacral insufficiency fractures.
Bone metabolism and bone remodelling capacity decreases with age and diminished hormone production. Henceforth, the ability of bone to react to physiological stress through strengthening its internal trabecular scaffold is substantially reduced, as described by Wolff's law. [18] [19] [20] The compressive strength of trabecular bone is proportional to the square of its density. 21 A decrease in density by a factor of 2 consequently reduces its compressive strength by a factor of 4. 18 Therefore, involutional osteoporosis is the main cause for sacral insufficiency fractures. 7, 10, 22 Underlying pathologies of osteoporosis/osteopenia include: prolonged corticosteroid or phenytoin treatment, Cushing's syndrome, primary bilary cirrhosis, osteomalacia, rheumatoid arthritis, myelomatous disease, radiotherapy, and endocrine disorders such as hyperparathyroidism. 2, 3, 7, 8, 10, 16 Predominant symptoms are lumbar back or buttock pain with some patients presenting leg weakness and inability to walk. 1, 7, 23 Although neurological symptoms emulating radiculopathy and myelopathy are present in up to 70% of patients, objective neurological abnormalities such as sphincter dysfunction or leg paraesthesia are uncommon (2-14%). 1, 4, 8, 12, 22, 24, 25 The pathophysiology of neurological manifestations remains unknown.
According to the Denis classification, most sacral insufficiency fractures are located within zone 1 of the sacral body ( Fig. 1) , in contrast to traumatic fractures that occur in zone 2 along the sacral foraminae. 13, 24, 26, 27 Fractures usually display a vertical pattern extending parallel to the sacro-iliac joint and lateral to the sacral foramina; neurological deficits are therefore uncommon. 12, 23, 25, 28 The weight of the upper body transmitted through the spine may be responsible for this fracture pattern. 23 Bilateral vertical sacral fractures (present in 40% of our cases) are likely to be connected by a horizontal fracture through the upper sacral body (Figs. 2 and 3 ). This fracture is considered a secondary development caused by continued stress, and classified further according to the degree of angulation and displacement in the sagittal plain. 23, 29, 30 In such cases, overt listhesis may Associated fractures are seen in 25 to 80% of patients having sacral insufficiency fractures. 3, 8, 12, 23, 31 Pubic rami fractures (Fig. 4 ) are most common, followed by vertebral compression fractures, iliac wing fractures (Fig. 5) , and intertrochanteric hip fractures. 3, 6, 8, 10 Plain radiography combined with technetium bone scanning are mostly sufficient for detecting associated fractures.
Although pain usually resolves within 4 to 6 weeks post injury, general mobility decreases substantially. Previous reports have failed to highlight the disability aspect associated with sacral insufficiency fractures, and its major socio-economic consequences. 3, 9, 12 Blood test results are usually unremarkable, apart from mild-to-moderate elevation of the serum alkaline phosphatase level. 2, 8, 10 Serum calcium, phosphorus, alkaline phosphatase, and vitamin-D levels should be determined in order to exclude metabolic bone disease. Serum protein electrophoresis is recommended when multiple myeloma is suspected.
Depending on the preference of the surgeon, a variety of imaging techniques are used to establish the diagnosis. On plain radiographs, stress fractures through cancellous bone of osteoporotic patients are difficult to detect, especially in the sacrum (Fig.  6) . 32, 33 The radiographic signs of sclerosis due to trabecular compression and callus formation may be subtle, owing to trabecular rarification and delay in the development of endosteal callus in osteoporotic bone. 1, 23, 28 Overlying bowel and calcified iliac arteries may further obscure bony details (Fig. 5 ). Associated pubic rami fractures (seen in up to 80% of patients with sacral insufficiency fractures) are often the only abnormality noted on pelvic radiographs. Diagnosis based on plain radiography alone was correct in only 12% of our patients, although in retrospect 32% had discernable sacral fractures. Whether pelvic inlet and outlet view radiographs increase the validity of assessment remains unresolved. In our series, such views did not appear to be helpful.
When plain radiography is inconclusive, technetium bone scanning is highly sensitive and able to detect occult fractures of the pelvic ring. 3, 32, 33 The pattern of uptake depends on the fracture configuration. However, due to the proximity of the sacrum to the detector of the gamma camera, scintigraphic activity is often increased, especially in the prone position, which makes it easy to overlook abnormalities. The characteristic 'H-shape' configuration, representing a combined bilateral vertical and horizontal sacral fractures (Fig. 7) , was present in 32% of our patients, and in 15 to 68% of cases reported by others. 3, 10, 16, 28, 32 Due to a lack of specificity, technetium bone scan results may be dismissed as sacroiliitis or metastatic disease, hence, a definitive diagnosis should not be based on scintigraphy alone. 7, 12, 34 CT is regarded as the gold standard in diagnosing occult insufficiency fractures, because it can delineate bony details. 23 are accurately demonstrated and distinguished from inflammatory or neoplastic processes. 2, 28 However, false-negative CT results have been reported in 15 to 25% of cases. 3, 16 In a series of 14 patients with sacral insufficiency fractures, sensitivity and specificity rates of 36% for radiography and 88% for CT were reported; for MRI, the sensitivity was 100% but specificity was only 83%. 38 Although MRI is the most sensitive tool, fracture lines are best demonstrated using CT. Others reported sensitivity and specificity figures of only 68% for CT while technetium bone scanning provided a sensitivity of 100%. 3 The routine use of scintigraphy in diagnosing sacral insufficiency fractures was therefore recommended. The presence of gas on CT images is called the 'vacuum phenomenon'. 39 The gas was located in the ventral part of the fractures or in the adjacent sacro-iliac joints. It is an important sign for differentiating between neoplasm and fracture; the 'vacuum phenomenon' is generally not found in patients with metastatic sacral disease. Some authors considered MRI the more sensitive diagnostic tool. 16 Sacral insufficiency fractures have decreased signal intensity on T1-weighted images and increased signal intensity on T2-weighted images, which are features consistent with marrow oedema. 17, 16 The appearance of low signal areas in T1- The fractures assume a linear pattern of decreased signal intensity alongside the sacro-iliac joints and through the S1/2 sacral segment (arrows).
Figure 1
According to the Denis classification, most sacral insufficiency fractures are located in sector 1.
3 2
weighted sequences may mimic metastatic disease ( Fig. 8 ) and lead to unnecessary bone biopsies. 3, 8, 34 Although MRI might provide an excellent account of the fracture configuration, it is less specific and ambiguous for the purpose of image interpretation.
The administration of calcium and vitamin-D supplements has limited value and efficacy in the advanced stages of osteoporosis. Bisphosphonates are more beneficial in postmenopausal and corticosteroidinduced osteoporosis; evidence confirms an increase in bone mineral density and a reduction in new fractures after 2 years of bisphosphonate treatment. 40, 41 However, their value as long-term medication after fractures remains controversial.
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Figure 7
Delayed isotope bone scan of an 88-year-old woman 3 hours post injection demonstrates the classic 'Hshape' pattern, with increased activity in both sacral alae and within the sacral body and focal uptake around the left symphysis pubis.
Figure 5
Anteroposterior radiographs of a 76-year-old woman demonstrating (a) an undisplaced fracture through the inferior sacro-iliac joint and the right iliac wing, which was missed on initial assessment, (b) 3 months later, an insufficiency fracture through the right hemi-pelvis with gross displaced fracture is seen. The increased bone density and sclerosis indicate that the fracture is longstanding and not acute.
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future. Primary and secondary osteoporoses are common causes. Once a diagnosis is established the treatment in most cases is simple, but recovery may be protracted and full mobility curtailed. An area of inhomogeneous signal increase is present at the S1/2 level (arrows), raising the suspicion of a neoplasm.
